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Module No: 



II3ABWS 



Approx. 'time: 



Module' Title:' " • 
Interned! ate Chem.1ca*1 Precipitation Softening 



Submodule Ti tie: 



Topic: 
Summary/ \^ 



pbjedp ves : Upon completion of\ this module, the participant will be able to: 

1. Describe the" operation of a chemical precipitation softener. 

2. H Caloula1;e chemical feeds for ai given water. 

3. Identify process problems. 

4. Design alchemical precipi tation\/ftener. 



Ing^truction^l' Aids : 

1 . ' Handout 

2. . Trahsparencies' #l-#27 



\ 



Ins trucl>QUS7 Approach: 
Discussion and Class Problems . 



References: ' ' / 

Manual of Instru'cl^ion for Hater Trbatment Plant OpgrAtors . Health 
■ "E'ducatiofi Service. ~ r^~T~ ■ . 

2- Manual" of Water Utility Opera't ^ ons ,\ Texas Water Utility Association. 
3. Watef Supply & Treatment.- Nafiorfal Lime Asqnriatinn • 
4-. Recommended Standards for Hater Wor^s ."'Health -Education Services, 



Class As,signments-: 

The parti clp^ant will: 
1 . Read Handout 
2i Complete Problems #l-#2. 



■ X 



\ 
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of 



■lodule No; 
II3ABWS 



Topic : 
Summary 



\ 



Instructor. Notes: 



1 . Distribute Handout 



\ 



2. PreseRt Trans parencie's 



Instructor OutMne^ 



K Discuss the operation, chemical feeds and 
design of chemical precipitation- softener. 



2, Give, ev.altjat ion of 30 questions. 



« 



■ ■ ^ . 
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j^odule No:- 



II3ABWS 



Approx. Time: 

c 

•1 hour 



Module* Title: 



Intermediate Ch^iyicaJ Pre clpi tatigji Softening • 
5ubmodul4 Title: 



Topic: j 
Introduction 



Objectives : Upon completion bf tliis topic, thea parti ci panl vii 11 be able to 



ng. 



1. ^ Describe the chemistry of 'chemjcaT precipitation softeniL 

2. Describe the: lopersft^on of chemical precipitatioh^softening. 

3. Describe the laboratory control necessary for chemical precipitation 
softening. |» ' ^ ' — . | 

4. ' Describe the'safety rtquiremer;its\fOr chenlical precipitation softening. 



Instructional Aids; 



1. 
2. 
3. 
4. 
5. 



Handout- 1 ht-roducti on 
Transparency ?f1-#2-Sof^ning reactions 
Transparently i73-Recarbonation reactions . 
Transparency ^-#5-0perating-a two stage softening p.1ant\ 
TransparencyT6-#7-0perating a split 'treatment softening .planet 



c 



6.^ Transparency #8-#9-0perating *a single stage 
7\ Transparency #10-Laboratory control [ 
8. Transparency ^1T-Safety \ 


•softening plant 

i ■ - V.'-- 


Instructional Appj^^oach*: - • . ;^ 




Discussion • - ' ^ - 








> 









Manual of Instruction for Water Treatment Plant Operators , Health 
Education Service, 

2. Manual of Water Utility Operationis ^ Texas Water^Utility. Association. 

3, Water Supply & Treatment , National Lime Association, 



Class Assignments: ' ' ♦ 

1,\jThe participant will read Handout-Introduction' 



of 



f'lodule No 
M3ABlfs' 



Topid: 

Introduction 




Ihstructor Outline: 



T>esent- Transparency il-HZ^ \^ . ^Review.the softening reactions. Review the 

•■ ■ ' amount of lime for each reaction. 



2. /resent Transpkrency 2. Revie^, the rec^rbonation reactions'. Review 

'• • the amount .of carbon dioxide for feach type 
of excess hydroxide. 

Present Transparenej^#4v#5 Is. RevW-the operati'on of a two stage • 

I soften ing«p1 ant. Includ^ how each type 
^ .of softgner. is. affected ^d what reactions 
/,aj:^'j^,takiXg place;' , . 

Present Transparency #6-#7 4. ^Re^jthe .operation of a 5plit treatment 

\ softening plant. . In'clude'vhojv feach.type of 
softener^is "affected and what reactions" are 
taking ^jlace. . •• • • 

Present Transparency ^^8-i9\5.,\ Hev.i4w the operation of a single stage 

U softem'ng plant. Include how each type 
of softener is affected and what reactions 
are taking-place. ' 

? \ 

6. Review the laboratory control needed for . 
operating a chemical softening plant. 



Pres'ent Transparency #10 
7. , Present Transpa'rency #11 



7. Review safety. in opiating a chemical 
precipitation soften\ng plant. 



-A. 
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of 



Module No:' 



II3ABWS 



Approx. <Time: 
3 hours ^ 



lodule TiSle: 



Intermediate Chemlca'1 Precipitation Softening" 



Subrabthjj^ Title: / 



Topic: 

Chemical Feeds 



)letiono;fJJv^-^:^ic7 the- participant will be able to: 
Lem4-ea1Tare necessa" 



- necessary to soften a given water. 

2. Calculate th^-'?fpproximate feed*rate' for chemicals used in w^f^r softening. 



( - 



Instructional Aids: 



1 . Handout - Chemical feeds 

2. Transparency #14^- Lime feed 

3. 'Transparency #15 - Soda Ash feed • 

4. Transparency #16 - Carbron Dioxide " 

5. Transparency #17 - Caldwell-Lawrence Diagram 



Instructional Approach:- 

♦ 

Discussionkand Class Problem 



References:. 

1. Manual of Instruction for Water Tr^eatmenrTPIant Operators > Health 
'Education Service* ^ ' - 7 ^' 

2. ' Manual of W^ter Utility Operations Te»:as Water Utility Association. 
3- Water Supply & Trecrtme-Rt , National L^e Association. * ^ 




Cl^ass Assignments: " 
The participant -will : 

1, Read Handout-Chemical Feed ' . , ^ 

2, Complete Problem #1-Chemical feed rates 



9. 



of 



i^odule -No: 



II3ABWS. . 



Topic: 
Chemical- 



Feeds- 



Instrjjcjtor Notes: ^ 



InstY^uctor Outline: 



1. Present Transparen'cy -#12 ' Jl 



2. -Present Transparency #13 2, 



Discuss the coastruction of the water/quality 
'bar diagram: Also -show the usefullness of 
knowin^g the chernical composition. 

Discuss the u^ of the nomograph for convert- 
ing mg/1 to m4/l . : ' / 



3, Present Part 1 of class 
problem #1, Work the 
problem .with class parti- 
cipation, 

4. Present transparency #14 



5. Present Part 2 of class 

problem #1. Work the 

problem with class parti cv 

l^at-ion. , 



0,0 



3, 



2,0 



3.21 



CO ' 
0.4 



Ca 



3.81 



HCO= 



++ 



Na^ 



0.0 



\J0£ 



CI 



2>. 70 



3;30 3.81 



14. Discuss lime dosage calculations in reflation 
to equations and water quality bar diagram. 

.5). Lime dosage = (2.7 + 1.21 + ,4 + 1) x 28 =148 
' . ' 150 mg/1 CaO 



6. Present Transparency #15 '6. 



7. Present part: .3 ♦of class 
problem #1. • Work the * 
problem with class parti- 
cipation. 



Discuss soda ash calculations in relation 
to equations and water quality'^ar diagram, 



7. Soda asb = (3.21-2.70) 53 
27 mg/-l Na2C03' 



27 mg/1 



8. Present Transparency '#1,6 8., Discuss carbon dioxide 'calculations in 



'9. Present part 4 of claiss 
problem' #1, » Work the 
problem with .class parti- 
cipation. 

0^. Present Transparency #17 



9, 



relation to equations and water quality 
bar diagram. ^ ^ 

= (.2 4 U) X 44 = ^6 mg/1 



lOJ {)iscus^ the use of the CdT'dwil f-Lawrence 
diagram i|] calculating chemfcal dosages,. 
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'lodule No: 



Topic: 
Chentical Feeds 



Instructor Notes* 



Work >:1 ass problem #•! 
par;ts 1-3 using cildwell 
Yawrence .diagr^am. 



12. /Present part #5 bf class 
problem #1 Have class 
vork prob^lem on their own. 
m^n work problem with^ 
ctass participation. 



Instructor Outline: 



\ 



n. Lime dose =*225 mg/1 as CaCO^ or 131 mg/1 as 

Soda Ash = 10 mg/1 as CaCO^ or^^ 10 ing/l as 
; Na2C03 . J 

Explain difference between two methods. 



12. 


0 




3. 


5 " 4. 


3 


4.6 • 




CO2 












r 


• HCO- 




cr ■ 








^ 0 


2-. 


3 


4. 


■3 


4 


•6 . 





Lime = (2.3 + .8 .•4 + 1) x-28 = J26 mg/1 
Soda Ash = (2.0) x 53 = 106 'mg/1 
•CO2 = (.2.+ .4) ;( 44 = 26 mg/V 

'CALDWELL-LAWREJ^CE DIAGRAM 
Lime = TO6 mg/1 CaC03 " ' 
Soda Ash-= 90 mg/1 Na2C03 
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Module No: 



'II3ABWS 



Approx. Time: 



3 hours . 



Module 'Title:. I. 

Intermedi'dte Qhe[nica1 Precipit ation Softening 
Submbdule Tit! 4: 



Topic: 
Design Evaluation, 



Objectives: Upon completion bf this tpp-ic, the' participant will be 'able tp: 
1 . Evaluate the design of an^ existing, chemical preci pi tation softeher. , 
2^ Calculate approximate chemical costs ^or :hemical precipitation 'softener 



Instructional Aids: 



1. HandouVDesign ^l8-^22-TEN .STATES STANDARDS FOR SOFTENER 

2. Transparency #23-^Cfiemicaf Costs Calculations 



Instructional Approach: 



Discussion and CTass P?oblem 




References : ' v, 

>. '- Manual of- Instruction for Water TreatmeTrt-Pqant Operators , Hea.lth 
Education Service. 

2. Manual of Water Utility Operations , Texas Water* Utility. Association. 

3. Water Supply & Treatment^, National Lime Association. * 

4. Reconnnended Standards for Water Works . Health Education Serviqe. • 



Class Assi gnSe/its : . \- • . ' ' ~ '■ 

1. The -participant' win read Haiidout-Design 

2. The'participant win* complete Problem' ^Z-pe^'ign Evaluation and costs 
of operation ' « ' . . ~ " 



«5 
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of 



f-lodule No: 
II3ABMS 



Topic:, V 
Design Evaluation . 



Instructor Notes : 



Instructor Outline: 



V 



Preservt Transparencies #18- 1.- Disfcuss the various standards and their 
#22 . • < I relationship to softener operations. 

Stress the difference between coagulation 
design apd 'softener design arfd the^ reasons 
for the different values.- ' ' 



Present Trahs^)arency #23 2. Discuss the ^calculations, for chemix:al costs, 

Present class .f 
CompTete'probVe 
participatiofi?' 



Present class problem #2. p. 1. Check Flocc Zone time; 
Complete 'problem with class 



min 



■ 4'- 



(2260)(7.5)(60)(24) . 
. ^,000,000 j " ^^'^ 

low, says ^0 jnin. 

Cffeck Total Deter/tton: 



(35 X 35 X 15)(y.5)(60)(24) .. . 
, . 2,000,000 , " 



/, low, says 4 hours • 

Check weir loading:. 

> ^{2 ,000,600)- -7 „■ 

(60jl(2'4)(l92). = ^,-2 gpm/ft 

■'^ okf says 20 gpm/ft 

Check upflow rates: * 

■ .(2^000.000) gpm7'ft' 
(50 X'24}(35 X.35). 



-« , ok, says 1 .75 gpm/ft 
2. Chemi-eal 'Cost 
Lime>cost • <■ 

(150.)(2,0)(8.34)(.017) =,$42.53/day 

'Sod&>-a§'h ' \ 

(27)(2.0)(8.34)(;0325) =$14.09/da^ 



$7S.14/day 
or $.04/1000 gals 
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.Module 'No; 

4 



II3ABWS 



Module Title: 



Intermediate Chemical Precipitation Softening 



Apprtfx.' Time: 
1 hour 



Submodule Title:' 



Topic: 

Advanced Operation of Chemical Precipitation Softentnc 



Object! ves : Upon completion of this topic, the participant will be 'able to: 
1. Diagnose^and describe solution, to solids concentration operational. 

problems in upflow solids contact units. 
2^. Describe operational alternatives for chemical softening plants during 

periods of Tow hardness. ' * ^ . 



Instructional Aids: 

1. Handout-Advanced Operation 

2. Transparency #24- Advanced Operation 



Instructional Approach: 
Discussion 



References-: 



t. Manual of Insl:niction for Water Treatment Plant Ope/^ators , Health 
Education Seryice. 

2. Manual of Water Utility Operati'ons ^ Texas Water Utility Assptriati on. 

3. Water Supply & Treatment ^ National Lime Association'. ^ ^ ' . 



Class Assignments: ^ - 

K The participant will read Handout-Advanced Operation 



14 
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'lodule No: 
IrSABWS 



topic: 




Advanced Operation of Chemical Precipitation Softening 



1. Present Transparency #24 



A 



4^V I 



(instructor line: 



Discuss^^the role of the lime sludge slurry 
in the operatioji^of^^-^softening^uni^ 
discuss the. operational ^Wo^^iv^ 
tor eac^ type of softener; 

a. '^le of s lorry * ^ • 
'^)Hardne^ss removal 

2) Turbidity removal ' ' . s , 

b. Control of slurry 

\ l)Turbine or flocculator speed 
;2)Rex:ycle solids i 

Discuss the general operational problems 
when treating low hardness waters such as* 
encountered, when treating^ surface water 
during; runoff events. Theh discuss in ' 
detail the operation of each typ^.of 
unit during these periods. 

•a. Problems * * . ^ " 

1*) Reduction of solids'\formatipn 
^ and sludge age \ r ^ 

2^Higher turbidity carry-ovei' 
b.^ Operation 

l)Discontinue softening 
; 2)Recycle ^ore solids 

3) Add- excess lime 

• ' h 
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^Objectives: Upon completion of this topic,, the participant will be able to: 
1. ^escribe the necessary maintenance for a chemical precipitation 
softening plant. - " - 



Module NO: 



II3ABWS 



Approx. Time: 



2 hour 



Module Title: 



Intermediate themical Precipitation SofWning 



Submodule Titl^: 



Topic:. ^ 
Mainte'nahce 



Instructional Aids: ^ ■ . 

J. Handout-Maln'tenance. 

2. Transparency #25-Upflow Solids Contact Unijt 

3. Transparency #26-Straight Lime's oftening l|nit 

4. Transgarency #27-5piractor Softening Unit. 



IhstructionaT Approach: 
Dtscussiorr'^ * 



References: ^ • . • ' 

1 * Manual of Instruction for Water Treatment Plant Operators ; Heal th 

Edtication Service, . Z ^ ^ ^ ' ~ 

2- ' Manual of Water Utility OberattOns , Texas Water Utility Association. 
3. Water Supply & Treatment / National Lime* Association. 



CI ass , Ass'i gnments : ' 
1- The participant wiTl read Handout-Maintenance. 



/ 



Module No; 
'II3ABWS ' 



Topi 



Instructor Notes: 
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of 



c: 



Mai itenance 



Instructor Outline: 



1. ' Present Transpa&afiey #25 



V. DisG^uss the maintenance fortify 
contact unit. Includes f 



low solicfs 



a) General— /- / - 

' 1) Cleaning weirs and /h'emica^l feed 

lines // y / " 

-2) Cleaning turbineO * 
* 3) ^ Cleaning rake ^ ' • , * 
^ b): Turbine . v 

1) adjustments • , 
-2) Lubrication 
, c) Rake ^ •> ^ 

1 ) ' Adjustment ' > * 
. _ ' 2) Lubrication 

^ Present Transparency #26, " 2, Discuss the maintenance for straight line 

* • softener. Include: ^ \ ^ • , , ' 

.a) General 

1) Cleaning weirs and chemical feed 
lines 

C > - I . -2) Cleaning -sludge collector 

b) - Flo ecu la tors . * 
^J) Adjustments 
, 2) Lubrication 

c) Sludge^ collector 



1^ Adjusithient 



3. Present Transparency #27 



Lubridation- 

Discuss the miiintenance^for "Spiractor*' 
'Softener^ include: . ' \ 

a) General , . _ ' 

1^) Cleaning weirsf^anc| chemical feed 
lines . 

b) Catalyst feeder 

1) -Cleaning and adjustment 



r 

t 

• 




. - \ • 
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Modu-1e No: 


Modulfe Title:* - • ' ' . - '•' • 
Intermediate Chenical Precipitation' Softenifig " ■ " "v 




II3ABV.'S 


Subnjodule Title:* ; , ^ ^ ^ ' v 




Appnex. Time:^ 


i ' ^ - • 






Topic: , t' , • * ^ , t 
Evaluation * - . ^ - ' 


« 

* 1 


Objectives : ^ / , ' . 

The participant should ^be able to answer- correctly 25 of the. 30 questions' 
asked. ' ; 

* ' r - 




Instructional Aids:, 






None 










- > 


Instructional' Approach:' : . • ^ v • - ^^^'i 
Examination . ( - ^ 


A 


. ' i \ ^ 






References : 
None 

< * 

it 






Class Assignments : 
Norte 


... ^_ — — 

\ 

, - - ■ / . • 

• 

/ 

# "** 

** t * ^ 


- ERIC 
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■; 18, , • 





• 
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Module No:' 


Topic: 






II3ABWS ^' ' ^ 


Evaluation * . , 


s 


Instructor Notes : 


Instructor^ Outline: 




1. Distribute exam. Each 
participant is to complete 
the exam indepervcjently and 
with no book's or notes, 
^ Collect after 1 hour, . 




"J 


* w 








r 


* 


% 

it* 




*- 
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> 












> 
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SOFFHIIIIS REAcriais • . . ' . ' ' 

• ■ - * 

1. Free CARBON Dioxide ' - . ^ ' ^ ' ' ^ - _ 

• CC^ •+ Ca(0i'^)2 t — > CACO3I+ .1^0 . ' • ~ • . " . : " 

Carbon . Lim? ' Calcium IIater ' ' .• - ~ • *' , • 

Dioxide .Carbonate ' • ^ : 

• > " - . I 

2, Calcium Carbonate Hardness- 

, CA(HCa5)2 + 'Ca(0H)2— >2CaC03?+ ,2 fl20 ^ • ■ ^ ^' 



\ . ... . 

. LciuM Lime. Calcium toR ' 

Carbonate ^ Carbonate • / 

3, flAGNEs I iJM Carbonate Hardwess • , •' 

* >lG(flC05)2 + .2 CA(aD2 > CA{:O5i+MG(0}l)2y 2 H2O 



- XT 



\ 



' ' ' ■ " " Transparency lofefS - //i 



'I. QilICIlM flONCARfiONATE flARDNESS' 

Mi} + flA2CD3-^ — ^'CACOji +, [lA2S0i| 



Calcium Soda 
Sulfate Ash • 

■ [ ' 



^ Calcium 
.Carbonate 



DDIUM 
JLfATE 



5. flAGMESIUM'HoNCARBONATE llARDrESS 



liGSO/, -+ IIA2C03 + CA(qi)2 ;-^->CaC%^ +,fte(d02?' + fiA2S0i| 

■fjAGTcsim Soda Lime | Calcium ■ " iIagnesjum Sodium 
''»SH J Carbonate. ItiDRexiDE^. Sulfate 



Sulfate 



V 



22 



0 . 



Transparency ii-:A"-'r- 



RECARBQ'iATrOf] REACrimS • . 

'1. "B^cEss Hydroxide ' 

2 OH" +II2CO3 >C03~ +2f^0 

Hydroxide Carbonic Carbonate VIater , 
Ion ^ to' • Ion 

< 

Calcium Carbonate 

2 CACO3 + %C03 2 Ca(HC03)2 

Calcium Carbonic ^^Calcium 
Carbonate Acid JicArbonate 

pjEsiUM , Hydroxide / ■ 

. m(0H)2 + 2 H2C% — >riG(HC%)2 + 24^20 

MagiIesiijM- Carbonic Magnesium • I'Iater 
Hydroxide Acid Bicarbonate . 
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Raw ' 
• > 


Aeration 
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' ' wo STAGE SDFIijlllG . 

First' Stage- . ' • - . " • 

:A) "pH, should be adjusted to above U.O with- line to obtain 
m REMb\^AL.. This.pH can be reduced soewhat if 

"<\GNESIUr^ REMOVAL IS REQUIRED. ^ 



iNESi 



NOT 



STAGE 



a) pH of the SECOND STAGE SHOULD^ 'APPROXl'mTELY 10 TO 
OBTAIN OPTIMIM CALCIUM'RE^DVAL. • ■ ^ ' - 

B) ^If,S0DA ash is USED IT SHOULD "BE ADDED JUST PRIOR TO ' 
THE'" SECOND STAGE TP HELP REDUCE THTpH.i . 

C) ReCARBONATION with CARBON DIOXIDE IS USUALLY REQUIRED 
10 LOWER THE pH TO THE OPTIMUM -LEVEL. 

d) ■ RECARBONATION OF THE FINISHED WATER TO A^PRO)hmTELY 
• .9.5 IS USUALLY REQUIRED tO PREVENT^SCALE BUILDUP ON 
THE FILTERS.-" ThIS FINAL Ptt IS DEPENDENT ON THE WATER"^ 

* CHEMICAL AND PHYSICAL CHARACTERISTICS AND THEREFORE * 
REQUIRES A CAt£ULATION OF THE FINAL pH FOR EACH PLANT 

• TO ENSURE PROPERLY STABILIZED WATER. 



I 




Lime 



Soda 
Ash 
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.SPLIT TREp-eiT SOFTB^IflG ^ 



First Stage ' ^ • ' 4 ' 

a) pH should be adjusted to above '11,0 WITH LI^E TO OBTAIN 
MAGNESIUM REMOVAL. ThJS PH CAN BE 'REDUCED Sa-Bf/HAT TO ' 

obtain the desired total f^^gnesium removal. 
Second Stage * ^ ; ^ = 

a) pH of the' second. stage SHOULD. be APPROXIMATELY 10 TO 

OBTAIN OPTIMUM CAIXILk REMOVAL, ,° 
B) . If soda' ash is used it SHOULO aE ADDED JUST PRIOR TO ^ 
^ THE SECOND STAGE TD HELP REDUCE THE PH. ■ 

c) Generally the carbon dioxide and bicarbonate> in the split 

■ flow is ADEQUATE TO LpWER THE PH IN THE SECOND STAGE TO 

• 'OBTAIN OPTIMUM calcium REMOVAL. 

D) If pH DROPS BELOW 10,0 ADD ADDITIONAL LIME TO SEOND STAGE ■ 
^ TO OBTAIN THE DESIRED CALCIUM REDUCTION, 

E) ReCARBONATION OF THE FINISHED WATER TO APPROXIMATELY .9,5 . 

is usually required to prevent scale buildup on the filters, 
This final pH is dependent on the water chemical and physical 
characteristics and therefore requires a calculation of the 

FINAL PH FOR EACH PLANT TO ENSURE PROPERLY STABILIZED WATER. ■• 

' ' ' ' 
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SIMGL£ STAGE SOFlEfllfiG' 
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SIfJGLE STAGE SCB^mB . 



SimiE Stage 

a) pH SHOUID BE ABOW 10 JO OBTAIN ACCEPTil^LE PERFORMANCE OF 
THE SOFTENER. I F .mGNESIUM. -REMOVAL ff DESIRED^ T\E 

SHOULD BE ABOVE Jl.O.. IHE OPTIMUM OPERATION^ TmT .OPERATION ■ 
RESULTING IN THE LEAST HARDNESS^ WILL BE DIFFERENT mi EACH 
PLANT^ RESULTING IN SQME EXPERIMENTATION TO^DETERMfWE' \VHAT 
^ • pH IS OPTimL. / 

b) All CHEMICAL FEEDS ARE ADDED JUST AT "THE HEAD OF THE U|^IT. 

c) recarbonfttion of the finished water to approximately 9,5 

is usually. required to prevent scale buildup on" the filters, 
• * This final pH is dependent on the water^ chemical and* physical 

CHARACTERISTICS AND "mEREFORE REQUIRES A CALCU1:ATI0N OF THE 
FINAL pH for EACH PLANT TO ENSURE PROPERLY STABILIZEP WATER, 
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. LABORATORY CQTOL / . 

A, Physical ^ . ' , 

1. ; Temperature 

2, _ Turbidity . - ' ^ ' • 
R7 'Chemical, 

r. ALKALiNny . 

2. Total A^D calcium hardness ~ - 
- 3. Total dissolved solids . > 

' ^. pW. ■ . ' / 

5. So^IDS Concentration (UpFLav units only) . 

6. "Catalyst" analysis ("Spiractor" only) * . 
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Electrical Safety " •. ■ 

1. AlVWYS use GROUfOED OR DOUBLE INSULATED 
ELECTRICAL TOOLS WHEN WDRKING ON SOFTENERS 

■ OR CHEMICAL FEEDERS. 

2, MaI^ SURE ALL MOTDRS A^D ELECTRICAL CONTROLS 

ON SOFTENERS, Afip CHEMICAL FEEDERS ARE PROPERLY • 
GROUNDED. 

LiFTI-NG CnmiCAL LIME AND SODA ASH BAGS 

1. AUWS L-IFE FROM THE KNEES TO PREVENT PERSONAL 
INJURY. 

Eye Protection 

1. • Always wear eye protection mm handling or 

working around lime or soda ash feeders.' 

2. Always wear protective coverings on hands" and 

ARMS when handling LI/C AND SODA ASH. ' / 

3. If lime or sopa ash should come in contact with, 

■ eye or sKiNv flush with a large quantity of 

RESH V'iATER AND COI^ACT A^PHYSICIAN IMMEDIATELY. 

x-\ ' ' ' . 
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Free 
Carbon 

DlOXIDE- 

(GO2) 



,(Ca) 



Bicarbonate ' 



i^armesium- 
(mg)' 



.All OTHERS 



Sulfates 
- (SO/,) 



All others 



MlLLI equivalents 
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mmwA FOR c#{vgRTi:iG 



Nomograph lor Converting Milligraras Per I^teT^ 
to and from MiJliequivalents.Per Liter 
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CMARL£S P HOOVER AND »^tRR/LL L. RIEHL 
WM-CR SOTTENING ANO FILTRATKJN PLANT 
COUWBUS, ^K> 1 
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Carbon ^^ioxide JhsmE (m/O = (FicESs it/DRoxiDE Oc/Q' + Carbonate (rc/O) x ^ 
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4..1,2 Rapid mix • . " - . ' • * 

" • rretl'iri "'7 °' '^^^'"'"^^ ^•^-"Shout the water to be" 

treated, usually by. violent agitation, 

. . a. Equipment • Basms should be equipped with mechanical mixing devices.' 
b. Mixing - The "detention period should be npt more than thirty seconds 

^"s'siit ''^'^^'^^'P" "^^^'"^ as close together as 

4.1.3 Fiocculation - ' ■ , 

Fiocculation shall" mean the agitation ,of wate, at low velocities for long periods of time. ' 

o?floc"?H''""' ^^-^--iting and destruction^ 

• ' removal." " '° ^^-^^"'"^ .^'"^93 . 



;::rr:.!::r;t^-^ ^.Uottless than 0.5 nor heater than 1.5 



fppt r.or r^ir. ♦ -.i- V "-^ "or greater than 

:f!!LBiUamute w,th a detention time for floe formation of at least 30 minutes. 



' c. Equipment '« Agitators shall be driven by variable'speed drives with the peripheral 
, speed of paddles-banging ^rort t.S to 2.0 feat per second. ' 

' * * ^hTL'ociw of T" f ''asins shall, be as close Vogether as 'possible.- 

- \ nnt H r K ^'^^^ '^^"^"'^^ ^«"ling basins shall 

\ ot be less than 0.5 nor greater than ,.5 feet per second. Allowances ^ust be ma 

to m.n.m.ze turbulence at bends and changes in direction. 



e. 



Other-design. .-Baffling may be used to provide for flocculatio}, in small plants onlT 
f er consultat.on w.th the reviewing authority. The de^n -should be su^ that th 
velocities and flows noted above will be maintained. . • ■ 

y\ Superstructure - A superstru^ure over the fiocculation basins may be required. ' 



Sedimentation 



Sedimentation shall follow fiocculation. The detention time for effective'clarrfication is 
dependent upon a number of factors related,to basin- design and the natu: of " 
w^ter. The following-criteria apply to conventional sedimentation units: ' 



'a. Detention time^ Detention s^all. provide 'a. minimum-of fpur hou'r^of settling time. 
This may be, reduced to two howr, for lime^s^a softening facili^es treating only 
•groundwater. ■'' " " 
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TET! STATES $TA^KA.Rns ' 
. (cor-rriMUED) - ' ' ' 

Inifl^T '-'"'n '^"'^"^^ ^° distribute , the water- .equally a;d at 

un for. ve oc,t.es Open ports, submerged por^. and s.mi.ar entran-c?-arran9e,.e.« 

and should project several feet below the water surface -to dissipate i«let velocities 
and provide unifo/fn fio>5tJ accross the basin. • 

s°ettllna t^h" K ''^ maintain velcciWiuitable for 

s r coJm H H ' '° short-circuixing. The .'se of subrrjerged orifices 

s recommended m oPder to provide a volume above the orifices for storage when 

there are fluctuations in flow . . . " "se wnen 

/ * * » • " 

Overflow rate - The rate of flow 'over 'the outlet weir shall not exceed*c20,000 
gallons per day per foot of weir length. Where submerged orifices -are used as an 
alternate for over-flow weirs, th'e^shbuld not be lower than three feet below the 
flow line with flow rates equivalent to weir loadings. • . 

♦ 

Velocity - The velocity th/ough settling basins shall not exceed 0.5 feet per minute. 
The basins must be designed to minimize short-circuiting. ^Baffles must be provided 
as necessary. % . 

Overflow,, An overflow weir (or pipe) should be installed which will establish the" 
maximum water level desired on top of'the filters, ft shall discharge with a free fall 
at a location where the discharge will be noted, ' 

Superstructure - A superstructure over- the sedimentation basins may be required.. If 
there is no mechanical equipment in the basins and if provisions are included for 
adequate monitoring under ail expected weather conditions, a cover may be provided 
in lieu of a superstructure. ' n . , . 

^Sludge collection - Mechanical sludge collection equipment should be provided. 

Drainage - Basins must be provided 'with a means for dewatering. Basin bottoms*" 
should slope toward the drain not less th|n one foot in twelve- feet where 
mechanicaf sludge, collection equipment is not required 

/ _ . 

Flushing lines - Flushing lii^ej or hydrants shafl be provided and must be equipped 
. with fcackflow prevention devices acceptable <to the reviewing authority.. 

- ' . 

Safety - Permanent ladders or handhplds should be provided on.'theJnside walls of 
basins above the' water level. Guard rails should be inclutjfed. 



Sludge disposal - Facilities are required by the reviewing authority for. disposal of 
sludge. ($ee Section 4.11). 'Provisions shall be made for 'the operator to observe o^ 
' ^ sample sludg§ being witlidrawn from the unit. 
.1.5 Solids contact urtit • r ' ' • 

,Units arc acceptable for cornbined softening and clarification where water characteristics 
are not var.abfe and flow rates are uniform. Before such units are considered as cterifiers ^ 
without softening, specific, approval of the reviewing authority shall be obtained Clarifiers 
. . should be/designed for the^ maximum uniform rate and should be adjustable to changes In 
fjow whjch -are Jess- tJa»Mhe. design rate and f6r changes in^ater characteristics. A 
, njinimurti of tvvo uhits^are required for surface water treatment" 



ERIC 



. 41 



• Transparency; U^J?;'S -•^^O 



• (cOhfTIMUCD) 



4.1.5.1 Installation of equipment 



■ !h T^f " ' manufacturer shall bo provided with regard to 

aH ijiechan.cal equipment at the time of . 



J 



a. installation, and 

b. initial operation. 

• • • 

4.-1.5.2 Operating equipment • 

; The following shall be provided for plant^operation: 

a. a complpte outfit of tools and accessories, 

b. necessary laboratory equipment, 

c. adequate piping ,yith suitable sampling taps so located a., to permit tAe 
collection of samples of water from critical portions of the units. ^ 

4.1.5.3 Chemical feed 

Chemical shall be applied at such points and by suc^ means as to insure 
sat^factorv m.xmg of, the chemicals with the water. 

.4.1.5.4 Mixing 

A rapid mix device or chamber" ahead t,f the solids contact units may be required 
by the rev.ewmg authority to assure proper mixing of the chemicals applied. Mixing 
devices employed shalj be so constructed as to ^ 

a. prpvide good mixing of the raw water .with previously formed sludge particles, 

b/ prevent deposition of solids in the mixing zone. ' ' . 

4,1.5.5 Flocculation 

Flocculation -equipment ' . 

a. . shall be adjustable {speed and/or pitch), - - ' 



b. must provide for coagulation in a! separate chamber or 



unit, 



baffled zone within the 



c. should provide the flocculation and 



minutes.* 



mixing period "to be not less than 30 
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4.1.5,6 Sludge concentrators 



The equipment shoufd provide either internal or external concentrators in qrder to 
obtain a concentrated' sludge i^ith a minimum' of waSte water. . t 



4.1.5.7 Sludge removal ' ' . 

* < 

Sludge removal design shall provide that , ^ ^ . 

\ ^ a. sludge ^ipes shall not be less than three inches in diameter and so arranged as 
-to facilitate cleanmg, ' * ^ , 

b. the entrance to sludge wrthdrawal pipj^ng shall prevent clogging, 

*. c. valves shall be located outside the tank for accessibility, 

^ d. the otjerator may observe and .sample sludge being withdrawn from the unit. 

4.1.5.8 Cross-connections . . » 

. ^ Blow-off outlets and drains must terminate and. dischai|e at places satisfactory 
to tfie reviewing authority."' y • 

• b. Cross-connection confrol must* l?e included for the potable water lines usecf to 
backflush sludge lines. * ' 

4.1.5.9 Datention period 

The dcrtention time shal^ be established on the basis of the raw water characteristics 
and other local .c(Jnditions that affect the operation of the unit Based on design ' 
^low, rates, the detention time should be ^ ' - 

a. four fours' for suspended solids contact- clarifiers and softeners* treating surface 
water, and 

b. one hour for ^lie suspended soHds contact softeners treating only groundwater.. 
The <eviewir^ authority may alter detentipji time requirements. ' ' 

4.1.5.10 Suspended slurry concentrate ' ? * ' 

. /■ ■ 

Softening units should be designed so that continuous slurry ^centratfes of .-one per ^ 
cent or more, by w^ei^ht, can be satisfactorily maintained. 

4.1.5.11 Water losses ~ 

t. ' UnlU shall be provided with suitable controls fof sludge withcjrawaU ^ 



ERiC 



'43. 



Tratjsparency II3.AR'^ -'^^ 



TEN.STA*F,S ■ • • • 

(corrriMUED) 

4 

b. Total water losses sftould not. exceed 
1- ■ <five per cent for clarifiers, 

2. three per cent for^joftenmg units. 

c. * Solids concentration of sludge bkd to waste should be 
^ ' 1. three per cent by weight ior clarifiers. ' ^ \ 

2. five per cent by weight for softeners. 

'4.1.5.12 Weirs or orifices 

The uniu should be equipped with either 'overflow weirs or orifices constructed so 
that water at the surface of the unit does not travel over 10 feet horizontally to 
the coljection trough. 

* 

a. Weirs shall be adjustable, and 'at least equivalen;3^ length to the perimqter of 
the tank. ' ^ 

, ^ b. Weir loading shall not exceed o 

. ^ , 1. 10 gallons per ^»inute per foot of weir length for uniu used for 
^ clarifiers, . • • •, ^ 

, 2. 20 gallons per minute per foot of weir length for units used for 
softeners. 

c. Where oriffc^s are used the loading per foot 'of launder should be equivalent to 
weir loadings. Either shall produce triform rising rates over the entire area of 
the tanilc^ 



• 4.t.5.13 Upflow rates . ' ' ~ * ^ 

, • ' ' • .1 

, Unlass supporting data is submitted to the revi'ewing ^authority to justify rates . 

exceeding the following, rates shajl not exceed 

. a. 1.0 gallon" per minute per squarf foot of area at the sludge separation line for' 
units used for clarifiers, 

b; 1.7S gallons, per minute per squfire foot of area at the slurry separation line, 
for units used for softeners. . ' ' 

4.1.6 Tube settlers " ' ^ . ' 

Although recognized as an alternate Method of clarification, sufficient -experience is not 
yet available .^o establish design standards. Therefore, proposals for tybe settler ' 
clarification must i^fclude pilot plant 'and/br full scale demonstratron satisfactory to' the 
, reviewing authority prior to the preparation of final plans and specifications for approval 



aimiCAj. COSTS r.ALr.ni ATifYK 



r 



Costs = (Dosage in mg/e) x (^iulion G^gns Treated) x (S.3^l) x. (^wEMi^i tosj per ^um) 
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ADVANCED QPFRATTDN 



a. sorening sludge slurry 
, 1. Straight lime 

^2. Spiractor^' ■ 

'o. upflow solids contact unit 



''SPIRACTOR 



W HARDNESS 
StRAK^HT LIME 



3, Upflow solids contact mn 



" UPFLffl SOLIDS rilTACT SOFTQjR 



Wolkwoy • 



4 



Rodiol Lounder 



• • • • 



Drive Mechomsm 



t^Effluent Pipe 




3- - - 




2 Pf/mcry Reacticm Zone^ 

3 Secondary ^Reaction Zone 

4 Clair ificQt ion Zone 

5 Sludge Blankit and ThickeningrS^ne 
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STRAIGHT LKIE SOFTEIER 




FEEDPIPE- 



EFFLUENT 
CHANNEL 




FUSR MIXEK 
CHAMBEK 

DRIVE UNIT 

^ CHAIN AND 
SrfSPROCKETS 

^ort^well' 

PADDLE 



BEARINGS' 



.PUN 



DIFFUSER -x^ / HMwuKAiL 

TDP.OFTANK X mn^TURNTABLE ^INFLUENT WEU n^^^ 



^HANDRAIL 



SLUDGE 

DISCHARGE PIPE 




C/ie£\HNRUENT PIPE 
SECTIONAL ELEVATION 
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CLASS PROBLEM ^ 

For the following water- quality:, - _ " . 

CO? ='8.8 mg/1 rA]k (HCO3) = 135 mg/1 as CaCO^ 

^J+=40.0mg/l S04= = 29.0 mg/1 \ 

fCy 14.7 mg/\ Cl" = 17.8 mg/1 

mt^- ' ^ pH = 7.4" 

1. Sketth a me/l water quality bar graph. ' 



2. Calculate the lime requirements for softening. 



3. Calculate the soda ash requirements for softening. 



4> ■ 



^ ♦ 



4. Calculate the carbon dioxide requirements, "^sume carbona1;e is 40 m^/1 
•as CaCO^ and OH is 10 mg/1 as CaCOs. " 



5. Detemine the lime, soda ash, and carbon dibxide requirements to* soften 
^the following water. , ' ' , - • 



CO? = 8.8 rngyi Alk = 115 mg/l as CaCOs 

• .Ca+2 = 70 mg/1 so/2 = 95 mg/] 

, MgT^ = 9. 7. mg/1 Cl-= 10.6 mg/1 " 

Na =6.9 mg/l pH ='7.4" 
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^CLASS PROBLEM n 



\. A chemical precipitation u'pf low ^ softener Has been experiencing operational 
problems. It is thought that if is possibly currently overloaded. Ev- aluate^ 
^the design. - ^ ♦ — ' - . ^ 

UpflGW Solids Contact Uni't 

1. ..Size - 35' X 3?' xx}5' deep \ • ^ 

* 1: Total'.weir length - 192' ^ ^ ' 

3. Flocc ZxOhe - 2260 ft^ * ' 

4. Flow - ^mgd . ^ ^ . 



2. What win ,the chemical cost be* for the plant fn quffS^Tori I'tl^the-wa-ter 
quality is the same as part 1 of class problem #.1. Chemical costs are^ 

^ Lime = $3^.00/ton * * 

Soda Ash = $5\00/100 Tb. • ' 

.Xarbon ^Dioxide = $3.25/lb 



CLASS HANDOUT 
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Training Module II3ABWS 
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* * * _ 

Handout for II3A8WS - Int£i^nedisj;e Chemical Precipitation Soften.inq 



I* IntTGduction 

A- Softening Reactions 

B^. Recarbonation Reactions^ 

C. Operation of a Two Stags Spften^ng P1^nt 

D. Operation of a SpUt Treatment PTant^ 

E. ' Operation of a Single Stage Treatment Plant 

F. Laboratory Control for Chemical Sof tending' PI artt 
6. Safety in a Chemical Softening Plant' 



II. Chemical Feeds 

A. Water Quality Bar Diagram 
1. General 



V 



Cations 
Anions^ 



Ca / 
• 


Mg 


Na" 




HCO3 




SO4 ^ 






f 



milliequivalents 

• 2. Nomograph' for Converting rtlg/l to me/T 
(See" Figure 1) * 
B. Lime Requi'rements ^ ' ^ . - \ 

L'ime^Dosage Xwg/l) = (All((me/1)+ Mg(me/1) = 1 (me/'] )) -x28' 

X. Soda Ash Requirements . ' . • 

V > • ' ■ 
Soda Ash Dosage >(fiig/1) = (Non Carbonate HaVdness (me/l) x 53 
(NO2CO3) ■ ' ■ . 

D. Carbon Dioxide RequtrBments . * . * , 

Carbon Dioxide Dosage (ffg/l) =, (Excess Hydroxide (me-/iy + Carbonate 
■(me /I)) X 44 

E. CACdWELL-LAWRENCE Diagram (See Fi'gure 2) . • 

.1 . . ■ 
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4.1 CLARIFICATION . ' ; ^. 

» > 

Plants designed for processing surface water shall 
- a. provide a minimum of two units each for ra)3id mix, flocculation and sedimentation, 
/ b. permit operation of the* urii^s either in series or parallel, 

c. be- constructed to permit units to be taken out bf service without disrupting operation, 
and with drains or pumps sued. to allow dewatering ir\ a reasonable period of time. 



d. provide rmjlll^ treatment facilities when required by the reviewing authopity, 

e. be* started manually following shutdown. . ^ ^ 

4.1.1 Presedi mentation ^ * ' 

Waters containing high turbidity may require pretreatment, usually sedimentation, either 
with or" without the addition of coagulation chemicals. 

^ ) ^ 

a. Basin design^- Presedimentation basins- should have hopper bottoms or be equipped 
\yith (continuous mechanical sludge ^removal .|p|Daratus, and provide arrangements for 
dewatefing. * * | ^ — 

b. Inlet - Incoming water shafl be dispersed across the full width of the line of travel 
»>as quickly as possible; short-circuiting must |3e prevented. 

c. . Bypass - Provisions for bypassing presedimentation basFhs shall be included. 

d. Detention time - Three hours detention 1^ th^ nq^fmum period® recommended; 
\ greater* detention may be required. 



4.1.2 Rapid mix 

Rapid mix shall mean ^he rapid ^dispersion of^jchenrtical^ throughout the water to be 
' treated, usually by violent agitation. ^ 



a. Equipment^- Basins^-should' be equipped witn.mqchani^l mixing deviceSr 

) ^ ^ * . * 

b. Mixing - The cfetenti'on period shpuld be noi more, than thirty seconds. w ^ 

c'. Location - t1t7 rapid m\x/ and flpcculatipn basins Ishall be as close together as 
. passible. * ' I . ' . ' • • ' 



Q Flocculation ' ' * 

Flocculation shall/mean the agitation of water at low velocities' for long periods of time. 

a; Basin design • Inlet -and outlet design shall prevent' ^hort-circuiting and destruction 
\ of floe. A drain or pumps shall be provided^^to handle dewatering and sluclge' 

removal, ' ^ 

b. Detention • Thd flow-throUgh velocity shall not be less than 0.5 nor greater than 1.5- 
feet per minute with a dqtention t^e for floe formation of at least 30 minutes. 

c. Equipment • Agitators shall be driven by variable speed drives with the peripheral 
speed of paddles ranging from 0.5 to 2.0 feet per. second. 

d. - -Piping • Flocculation apd sedimentation basins shall be as close .together^ as possible. 
♦ The velocity of flocculated water through pipes or conduits tp settling basins shall 

not be less than 0.5 nor greater than 1.5 feet per second. Allowances 'must be made 
to minimize turbulence at bends and changes in direction. ^ 

e. Other 'designs • Baffling may be used to provide for flocculation in small, plants only 
after consultation with the reviewing authority. The design should be such that the 
velocities and flows noted above will be maintained. » ' . 

f. Superstructure - A superstructure over the fUj^cculatipn basins may be required. 



4.1.4 Sedimentation , ' ; _ • 

* ' ' ' - " i ' / , V 

Sedimentation shall follow flocculation. The detention time for effective cWrification is 
dependent upon a number of fact6rs related to basin design and the nature ^of the raw 
water.'The following priteria apply to conventional sedimentation ur^its:' 1 

a. Detention time^- Detention shjrti provide a minimum of four;hbyrs of jfettling time. 
Thjs may be^ rfeduced to two hours for lime-soda Softening, facilities treating ofil^y 
groundwate^r.- ^ j ' , 

• C ^ . ' ^ ' • i ' - *• 1 

b. Inlet devices - i Inlets shall be designed to^ distribute the Water eqiially and at 

* uniform velocities. Open ports, submerged ptjrts, and similar' entrapvpe arrangemenu. 
, are required. A, baffle should be. constructed across the basirl close ^o the inlet end 
and should project several feet below the water surface to ^^ssipate inlet^ velocities 
and provide uniform flows accross the basin. " ! 

c. , Outlet devices j Outlet devices shall be designed ^o maintain velocities suitable for 
. settling in the J)asin and to minimize short-circuitipg^ The use df submerged orifices 

i^ recommended in- order to provide a volume above the orifices for storage when 
• . -there are fluctuations in flow. ' ^ . - 1 



4.1,4 Sedimentation (cont'd J 



d. Overflow rate • The rate of- flow over the outlet weir shall not succeed 20,000 
gallons per day per foot of weir length. Where submerged orifices are used as an 
alternate for over«flow weirs, they should nof be lower than three feet below the 
flow line with flow rates equivalent to weir loadings. 

■ i 

e. Velocity The velocity through settling basins shall not exceed 0.5 fell per minute. 
The basins must be designed to minimize short-circuiting. B^afflfes must be provided 
as necessary. * 

U Overflow • An overflow weir (or pipe") should be installed which wlH establish the 
maximum water level 'desired on top of the filters. It shall discharge with a free fall 
at a location where the discharge will be noted, 

g. ^ Superstructure • A superstructure over the sedimentation basins may be req<^r^. I( 

there is no. mechanical equipment in the basins and if provisions are included fof^ 
adequate monitoring under all expected weather conditions, a cover may be provided 
in lieu of a superstructure. " ^ „ ^ 

\ ' . " 

h. Sludge collection - Mechanical sjjLtdGge collection equipment should be provided. 

, ■ • ^' ' ' . 

I. Drainage - Basins must be provided with a means for dewatering. B^sin bottoms 
should slope toward the drain not less than one foot in twelve feet where 
mechanical sludge collection equipment is not required. 

j. Flushing lines - FlOsfiing Ijnes or hydrants shall be provided and must' be equipped 
with backflow prevention devices acceptable to the reviewing^uthority. 

-k. Safety - Permanent ladders or handholds should be provided on the inside walls of 
• basins above the water leve^. Guard rails should be included. 

i ^ 

i 

^ / * Sludge disposal F^ciltties are required by the reviewing authority for disposal' of— 
sludge.^ (see Secti6'n| 4.11). Provisions shall be made for the operator to observe or 
5 " sample sludge .being jwithdrawn from the unit. 

CO ^ i ^ * ■ 

i 4.1.5 Solids contact unit T " - 

Units are acceptable for combined softening and clarification where' water characteristics 
i not variable arul flov^ r^tes are uniform. Before such units are considered as clarifiers 

^ , wthout softening, specific approval of the reviewing authority shall be obtained. Glarifiers 
^ should be designed for the* maximum uniform rate and should be adjustable to changes in 

flow vyhich are less than the design rate and for changes in water characteristics. A 

minimum of two units are required for surface water treatment 



4.1.5.1 Installation of equipment 



Supervision by a representati^^ of the manufacturer shall be provided mXh regard to 
alt mechanical equipment at the ^Ime of 

a. inst^U^ftDTt; and i 

b. initial operation, * . ' o 

4.1.5.2 Operating equipment , ' * 

The follow/ing shall be provided' for plant operation: 

a. a* complete outfit of tools and accessories, ' 

b. necessary laboratory equipment, 

c. adequate piping v^ith suitable Sampling tap^ so located as to permit the 
.collection of samples of v^/ater from critical portions of the units. 

4.1.5.3 Chemical feed ^ • - 

, Chemicals shall be applied at. such points and by such means as to insure 
satisfactory mixing of the chemicals mxh the w/ater. 



4.1.5.4 Mixing « 

^ A rapid mix device or chamber ahead of the solids contact units m^ be required 
by the reviev\/ing authority to assure proper mixing of the chemicals applied. Mixing 
devices employed shall be so constructed as fo 

i a. provide good "mixirfg of the raw water witlj previously formed sludge particles, 
-* and * . ^ 

i 

h. prevent deposition of soljds in the mixing ^one. ' » , 

4.1^5.5 Flocculation • . . . . 

. • \- . .■ ■ 

. FJocculation equipment . «i ' 

^ * . ( } . 

^ \ ^ ' ' / • ^ 

u a.' shall be adjustable (speed and/or pitch), j 

- ^ " ' ' - • i > . ^ - ^ 

^ b. must, provide for coagulation- in a separatee-chamber or batfled zone within the 
. * unit, . . ' ' 

c. shoulcr provide the flocculation and mixing period to be ^^not le$Si«4hat^ 3Q 
minutes. » ^ \ 



4.1.5.6 Sludge concentrators 

The equipment should provide either inftrnal or external concentrators in order to 
obtain a ooncentratea sludge with a nr^inimum of waste water. 



4.1.5.7 SFudge- removal \ . , 

^ludge removal design shall provide that • ' 



a. sludge pipes shall not be less than* three inches in diameter and so arranged as 
to facilitate cleaning, 

b. the entrance to sludge withdrawal piping shall prevent clogging, ^ 

c. valves shall be located outside the tank for accessibility; 

d. the operator may observe and s^ample sludge being withdrawn from the unit. ^ 
4.>.5.8 Cross-connections * 



. ' a. ^ Blow-off outlets and drains must terminate and discharge at places satisfactory 
to the reviewing authority. ' 



9 



' b; Cross-connection control must be included for the* potable water lines used to 
backflushj sludge Jines. \ 

4.1.5.9 Detention period ' 

The detention ^time shair be established on the basis of the raw waiter characteristics 
and other local conditions that affect the operation of the unit, kas^i on design 
flow rates, the^detention time shoulc^ be t J 

a. four hours for suspended ,solic/s contact cUrifiers and softeners treating surface 
water, and ' ' - ^ ^ 



b. one hout, for "the suspended so!ids'"contact softeners treating only groundwater.- 
The reviewing. Authority may, alter dJtention time requirements. 

4.1.5.10 Suspended slurry concentrate . * 

• - * <* 
Softening ^uxJ^ts should be designed so that continuous slurry concentrates of oqe per 
cent or more, by weight, can be satisfactorily maintained. 

4.1.5.11 Wa,ter losse^ ^ , • ^ ' ' * 5^ ^ > 

' . y- 

a. Unlfs shall be provided with siiitable controls 'for. sludge withdrawal. 
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b 



Total wat^r losses should not exceed • 
1. five per cent for clarifiers, 
2". three per cent for softening units'. 
Solids concentration of sludge bled to waste should be 

1. - threfe per cent by weight for clarifiefs, 

2. Jive per cent by weight for softeners. 



4.1.5.12 Weirs or orifices 



4 



The upits should be equip^d with either overflow weirs or orifices constructed so 
that water at the surfac^Jof the unit does not travel over 10 feet 'horizontally to 
the collection trough*>*^5^ 

a. Weirs shall be adjustable, and at least equivalent in length^to the perimeter of 
the tank/. r 

• \ ■ 

b. Weir loadingXshall not exceed , ' , 

\ / - 1 ■ 

A. 10 gallons per minute per foot of .-weir length for unite used for 

• clarifiers, \ ^ * v» v' 

2. 20 gallons per minute per foot of weir length for uni^ used for 
softeners. 



J c. 



Where orifices are Wed the loading per foot of launder should be etiuivalent to 
weir lc>a^ings. Either shaH produce uniform rising rates over the er|tire area of 
the tank. 1 . , 



4.1.5.13 Upflow rates ' ^ ' ' | 

j Unless supporting data is submitted to the reviewing authorilHr^to ^stify rates 

I exceeding the following, rates shall not exceed ' I 

1 * ! " 
^ a. 1.0 gallon per minute per square foot of area at the-^ sludge separation line for 

^ units used for clarifiers, * • . ^ 

r . , . ^ . 

b. 1.75 gallons per minute per square foot of area at the slurry separation line, 

" ^ for units used for softeners. ^ * ^ 



4.1.6 Tube^settlers.^ . # ' . ' '1 . 

Although recognized las' an alternate rriethod of clarification, sufficient'' experience is not 
y« available to establish dfesign standards. Therefore, proposals for tube settjer 
clarification must include pilot plant and/or full scale demonstration satisfactory lo the 
reviewing authority prior to the preparation of finat plans and specifications for approval. 
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Advanced Operation 

A. Softening Sludge Slurry 

1 . Straight Line 

2. "Spiractor** ' 

3. Upflow Solids Contact Unit 

B. ' Low Hardness 

1 . Straight Line 

2. "Spiractor" 

3. Upflow Solids Contact Unit 
Maintenance 

A. Upflow Solids Contact Unit 



3, Rake ! 

B. Straight Line '| 

1 . General , I 

2. Flocculators \ 

3. Sludge Collector ] 

C. "Spiractor" ' j 

1. General ] 

2. Catalyst Feeder j 



1 . General . 

2, Turbine 




I. 





I ■ 
\6i: 



C0NDJ7I0«*JJNG CHEMICAL «ppm CoCOx 
g£?g?. S<?9po_ 
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GONOmONING CHEMICAL « ppm CoCOj* 
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ExaninatiW for-II3A8WS - Intermediate Chemicai Precipitation Softening 



1. ^ In ch^ical Rrecipi tation softening, magnesium -ions are always retnoved 

as . ' 

2. Lime only is required for removal o f hardness. 

3. List the five factors affecting water stabilization 

b. . ^ '.• • 

d. . . 



4. 

. 5. 



Calcium is removed by adding 
calcium. 



moles- of lime-fo*^^ mole of 



For the following water, what w.ill be the lime and' so«i/ d6s ages to 
soften the water. . • ' '^^ 



Alk = 120 mg/1 
pH = 7.2 " 



CO2 = 20 mg/1 . 
Ca = 30 m^/l 
. / Mg"**"t = 40 mg/1 

p^, ^What wij^l be* the general carbon dioxi.de requiremeirfs fw- ^the' water in 
problem 5, . 



If lime costs $34.p0/ton, soda ash $5. 00/1 00/1 b. and ccfrbon dioxide $3.2^/1b. 
what will b^e the cbst to^.treat 1 mil 1 ion -gal Ions of wdt^r in problem #5^&#6. 

IrUE 'or FALSE. jCIRCLE THE CORRECT V\NSWER ' X\ / ' ^ ■ 

' L ■ • ) , \ , ) 

|r or .F ' 8., iCarbon dioxide recarb6nation is usually requir^efd to properly* 
' " . 'stabilize water after chemical softening. 



t 



or F 9. pH of 9*5 is adequate to precipitate calcium in chjemical ^ 
^softening . ^ \ ^ 

or F 10. ^Softeners in Iowa aYe designed under 'TpfH-S^^^^es Standards"/ 

' ' ' ' : . \ ] 

11. ^Caldwell-Lawrence Diagram will generally give a higher "cliemical 
ifeed than the simp^lier water quality bar method. 



'or F 



J ^ or F 12. ^Soda Ash is always' needed for removal of magnesium hardnes^'.^^ 

|r/or F 13. .Upflow solid's contact units canlfce operated at a higher hyd\?u- 
' . lie loading when used for softening than when used for coagtrlation. 
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. - ' - ^ 

■ . • ♦ 

T or F V4. In determining the final water quality, it is best to 
m- ^ leave calcium carbonate .and remove al] of the magnesium. 

T or F 1^, The advantage of Jhe' "Spiractor" isjhat it resuUs-Jn 
a sludge that dewaters very rapidlylT" > • ' 



T or F ■ T6. Split treatment saves in chemical costs by'using the 
naturally occurring carbon dfoxid? in the. raw water. 

T or F 17. A properly stabilized lime-soda softened wate^wijl always 
havp>a neutral pH of 7:0^ \" 



■ \ 
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